The underlying factors which contribute to being overweight and/or obese are not fully understood. The purpose of this study was to assess the relationship between sleep patterns and body mass index (BMI) in American college students. The sample population (n=150, age=21.4±2.2 yr) at Southeast Missouri State University completed a validated questionnaire. For the sample, 59.3% slept seven or more hours; 29.3% slept seven hours; and 40.7% slept less than seven hours. Twenty percent had a Pittsburgh Sleep Quality Index (PSQI) global score of less than five, while 80% had a global PSQI score of five or higher. Overall, as PSQI increased, sleep quantity decreased (p<0.001) and BMI increased (p=0.024). Moreover, as sleep quantity increased, eating out decreased (p=0.035) and days of eating breakfast increased (p=0.006). These findings suggest that both sleep quality and quantity are important factors in the contribution to lifestyle behaviors that may increase BMI overtime.
Introduction
The underlying factors which contribute to being overweight and/or obese are not fully understood. The purpose of this study was to assess the relationship between sleep patterns and body mass index (BMI) in American college students. The sample population (n=150, age=21.4±2.2 yr) at Southeast Missouri State University completed a validated questionnaire. For the sample, 59.3% slept seven or more hours; 29.3% slept seven hours; and 40.7% slept less than seven hours. Twenty percent had a Pittsburgh Sleep Quality Index (PSQI) global score of less than five, while 80% had a global PSQI score of five or higher. Overall, as PSQI increased, sleep quantity decreased (p<0.001) and BMI increased (p=0.024). Moreover, as sleep quantity increased, eating out decreased (p=0.035) and days of eating breakfast increased (p=0.006). These findings suggest that both sleep quality and quantity are important factors in the contribution to lifestyle behaviors that may increase BMI overtime.
Several factors contribute to being overweight and/or obese, and sleep problems may be one of the more significant. Lack of sleep has shown an association with obesity in both children and adults [3] . Sleep patterns (i.e., quantity and quality) can be evaluated through different instruments such as surveys or sleep monitors.
Many studies have used the validated Pittsburgh Sleep Quality Index (PSQI) survey to measure sleep patterns, as it is a convenient tool. According to the Sleep Health Index (SHI), Americans, aged 18 years and older, have reported sleeping an average of seven hours and 36 minutes per night [7] . Therefore, while Americans are obtaining the NSF recommended seven to nine hours of sleep per night, it is viewed as the low end of the range. Additionally, the SHI indicated that 35% of Americans reported sleep quality as "poor" or "only fair," and 20% felt they did not wake up feeling refreshed during the prior seven days [7] . Individuals experiencing poor sleep quality include college-aged young adults. The NSF reported young adults, aged 18 to 29 years old, stay up later, and sleep longer, than older adults [7] .
Going to bed later and sleeping longer into the next day is termed sleep phase delay. Most research suggests no change in sleep quantity or quality in younger [8] and younger-middle aged [9] individuals, who typically exhibit sleep phase delay. However, the majority of research does indicate that sleep phase delay does cause metabolic (i.e., glucose-insulin) disturbances, which can ultimately lead to an increased risk for carrying excess body weight.
The impact of inadequate sleep patterns on overweightness and obesity are well established. It has been suggested that very short sleep (<5 hours) and short sleep (5-6 hours) may be independent risk factors for becoming overweight or obese [10] . Moreover, in a survey study consisting of 3,927 American participants aged birth to 13 years, short sleep duration was significantly associated with an increased risk being overweight or obese [11] . Similar results were found in three to four year olds (n=1,311) from a survey which directly measured height and weight [12] in three to seven year olds (n=244) with accelerometry measured sleep duration, and bioelectrical impedance (BIA) to measure BMI [13] . In European adolescents, aged 12.5 to 17.5 years (n=3,311), shorter duration of sleep resulted in significantly higher BMI values [14] . A survey study, involving direct measurement of height and weight, on 10 to 19 year olds (n=5,877) in Saudi Arabia, reported that short sleep duration and obesity were significantly associated with obesity [15] . Using various methodologies and conducting studies on a variety of ethnicities, research has indicated similar results regarding the correlation between sleep quantity and quality and BMI in children and adolescents.
Previous research has also suggested a correlation between reduced sleep and higher BMIs in both young and elderly adults. An inverse linear relationship was found between sleep duration and BMI among American participants >20 years old (n=13,742) [16] . A national cohort study of Thai adults, aged 20 to 49 years (n=87,134 in 2005; n=60,569 in 2009 at follow-up), also suggested a significant correlation between short sleep duration and obesity [17] . Moreover, a significant correlation between short sleep duration and obesity was found in a random sample of middle aged (45.3 yr) Australian adults (n=1,162) [18] . Through the use of a survey and polysomnography, poor sleep quality was associated with an increased BMI in 15 to 90-year-old Canadians (n=314) [19] . A similar significant correlation in participants (n=983) from the Netherlands, aged 57 to 97 years, by directly measuring height and weight and using wrist actigraphy to assess sleep duration [19] . Additionally, BMI was greatest in those who got the least amount of sleep when studying elderly participants (n=6,102), aged 67 to 99 years [20] .
There are many variables that can contribute to a high BMI. Although the relationship between sleep patterns and a high BMI is multifactorial, it appears that poor sleep quantity and/or quality may be a more significant factor in becoming overweight or obese. It has been suggested that there is a correlation between poor sleep patterns (i.e., quality) and obesity in adults and children. This correlation has also been suggested in college students, although insufficient literature exists which examines the relationship. Therefore, the purpose of this study was to examine the multifactorial relationship of sleep patterns (i.e., quality) and BMI in college students.
Methods

Participants
The sample population included 18 to 32-year-old college students (n=150) at Southeast Missouri State University. This research was approved by Southeast Missouri State University's College of Health and Human Sciences Research Involving Human Subjects Committee. Southeast Missouri State University is considered a large rural institution, with a campus population of ~11,000 students (27.6% residential, 72.4% commuter; 57% female, 43% male).
Procedures
The PSQI was used to collect data regarding sleep [21] . Students were stratified into BMI categories and were selected at random by walking around campus (at several different times and locations). Surveys were initially distributed in person (normal=72; overweight=65; obese=84) until a total of 50 participants were reached in each BMI category. An additional questionnaire pertaining to sleep habits, basic demographics, physical activity, eating habits, and lifestyle habits were included with the PSQI.
Sleep Quality: The PSQI is a validated, 19-item, sleep quantity and quality, self-report questionnaire that estimates sleep quality within the past month utilizing seven components (scored on a 0 to 3 scale) related to sleep habits that takes 5-10 minutes to complete [21] . The component scores are then added together to give a total global score ranging from 0 to 21. A global score of greater than or equal to 5 indicates poor sleep quality whereas a score of less than 5 indicates good sleep quality. Sleep Duration: The duration of sleep for each participant was assessed using the PSQI question, "During the past month, how many hours of actual sleep did you get at night?" Sleep recommendations were used from the National Sleep Foundation: less than seven hours of sleep was considered 'too little', between seven and nine hours was the recommended, and more than nine hours was 'too much' [7] . Eating Habits: Participants were asked how often they participate in consuming breakfast, meals out, servings of fruits, vegetables, and sweets, and if they preferred a snack between meals for both the past week and in the past month. Physical Activity: Participants were assessed on adherence to the American College of Sports Medicine (ACSM) guidelines of minutes per week for cardiorespiratory fitness and resistance exercise in the past month and a rating of perceived exertion (RPE) scale [22] was included for the participants to accurately estimate exercise intensity. Physical activity was defined as aerobic exercise performed, as follows: Moderate -at least five days per week at an intensity of 12-13 on the RPE scale for 30-60 minutes per day; Vigorous -at least three days per week at an intensity of 14-17 on the RPE scale for 20-60 minutes per day. Days of Not Getting Enough Sleep the Night Before: Participants were assessed on likelihood to eat out, drink caffeine, snack more, watch more television, exercise, nap, or get out of bed early on days when they did not get enough sleep the night before. Lifestyle Behaviors: Questions in this section pertained to smoking, alcohol, caffeine, and energy drink consumption.
Data Analysis
A Pearson correlation coefficient and One-Way Analysis of Variance were utilized to assess correlations between variables and differences across BMI categories and gender. BMI was categorized in the following manner: Normal: ≥18.5 and ≤24.9, Overweight: ≥25.0 and ≤29.9, and Obese: ≥30.0 [22] . Data was analyzed using IBM SPSS Software 24.0 (International Business Machines Corporation, Armonk, NY) with an α-level of p<0.05.
Results
Of the 150 college students who completed the survey and met participant guidelines [age=21.4±2.2 yr, ht=1.73±0.11 m, wt=85.9±25.5 kg (self-reported), and BMI=28.8±7.0 kg/m2], 45.3% were males (n = 68) and 54.7% were females (n = 82). The majority of the sample population (59.3%) reported getting seven or more hours of sleep, while 29.3% obtained an average of seven hours, and 40.7% slept less than seven hours. Twenty percent had a PSQI score of less than five (good sleep quality), while 80% had a PSQI score of five or higher (poor sleep quality). Descriptive data (Table 1) , shows significant Pearson correlations between PSQI ( Table  2) , sleep quantity (Table 3) , and BMI (Table 4 ) across various factors, are presented. Results from the One-way ANOVA are presented in Table 5 -7. The BMI categories did not produce significant differences across PSQI (i.e., sleep quality) or sleep quantity across all participants or based upon gender. 
Discussion
Much of the research previously conducted on sleep and obesity has found a significant negative relationship between BMI and quantity/quality of sleep in children, adolescents, adults, and the elderly [3, 15, 23) . Limited research has examined this relationship in college students in America and many studies fail to assess the influence of a larger number of variables associated with sleep quantity/quality and high BMI values. Therefore, this study targeted a specific population and attempted to assess the impact of lifestyle factors on BMI and quantity and quality of sleep. In support of our study, the majority (80%) of Patagonian, Chilean college students (n=832) did not receive good quality of sleep [24] . However, the majority of students (59.3%) in the current study obtained enough sleep (i.e. seven or more hours) which is in contrast to a study on Thai college students, which found 38.9% slept < six hours per day [25] . The reason for this contrast may be due the small sample size of the current study compared to 2,854 Thai college students [25] . Additionally, the ethnicity of the current study's sample may account for, at least some of, the difference.
Eating Habits and Quantity/Quality of Sleep
The findings of this study showed that as sleep quantity increased, days of eating out decreased. This suggests that students who sleep longer are more likely to cook food for themselves whereas, students who do not sleep as much are more likely to eat out. Research has shown that foods eaten outside of the home are more likely to be high in total energy, total fat, saturated fat, cholesterol, and sodium [26] . Eating out can potentially lead to weight gain depending on food selection and quantity consumed. Therefore, the current study's results were consistent with a study of pre-adolescent Canadians (n=56), in finding a correlation between poor sleep quantity/quality and poor eating habits [27] . The current study found no correlation among eating habits and BMI, which is not supported by a review article conducted over an 11 year time period on Middle Eastern children [26] . Additionally, the current study showed no significant relationships between sleep quantity/quality and fruit servings, vegetable servings, sweets/desserts servings, or snacks preferred, which conflicts with the findings on American college students (n=2,026) [28] . It is most likely the small sample size of the current study may explain the contrasting findings related to eating habits and sleep quantity/quality. Daily Physical Activity, Quantity/Quality of Sleep and BMI An increased BMI being correlated with a decrease in moderate and vigorous physical activity, and resistance training is supported studies on Australian adults (n=1,162) [18] and American college students (n=159) [29] . This suggests that college students with a higher BMI are less likely to participate in physical activity. An interesting finding of the current study was the positive correlation between BMI and moderate and vigorous physical activity for all participants. This finding was primarily due to females reporting more days per week of moderate physical activity and significantly more days per week of vigorous physical activity as BMI increased (Table 7) . It is also possible this finding was due to the small sample size or lack of understanding/misreporting of physical activity levels when answering the survey. However, this finding is not supported by past research. There was a negative correlation between sleep quantity and resistance training (Table 3 ) (i.e., those who participated in more resistance training were likely to experience better sleep quantity). These results are similar a study on French adolescents (n=40) [30] . Therefore, these results suggest that resistance training may be an effective way to increase sleep duration in college students. The Relationship between Days of Not Getting Enough Sleep the Night Before and Certain Activities (naps, television, drinking caffeine, etc.) On days when participants did not get enough sleep the night before and felt tired, the majority indicated being more likely to drink caffeine (61.3%), watch more television or movies (53.3%), not exercise (67.3%), nap (74%), and go to bed early (50%). These findings support a study that found shorter sleep was associated with increased screen time (i.e. television, computer, etc.) in European adults (n=6,037) [31] . These results suggest that adults who do not get enough sleep are at a higher risk for gaining weight due to an increase in sedentary behaviors. Lifestyle Behaviors (smoking, alcohol, caffeinated drinks, and stimulant beverages) Effects on Quantity/ Quality of Sleep Lifestyle behaviors such as smoking and consuming alcohol, caffeinated drinks, and energy drinks have also been shown to affect sleep patterns. In the current study, smokers had higher levels of poor sleep quality (i.e., high PSQI numbers) as compared to non-smokers, which is similar to a study conducted on Ethiopian college students (n=2,551) [32] . The findings of [24] , who reported consumption of stimulant beverages (i.e., caffeine and energy drinks) was associated with poor sleep quality in Patagonian Chilean college students (n=994), support the findings of this study which showed poor sleep quality was associated consuming more than one energy drink per week. Interestingly, this study found no significant relationship between alcohol and sleep quantity/quality, which is not supported by [25] , utilizing Thai college students (n=451 men/940 women) and American adults [33] . Again, the difference between the sample sizes in these studies and the current study may be the contributing factor for this contrast although nationality and/or ethnic differences may also play a role. Skipping Breakfast, BMI, and Sleep Quantity/Quality The findings that as sleep quality decreased the days of eating breakfast decrease are supported by research on Japanese adults (n=603) [34] and Chinese college students (n=4,318) [35] . Another significant finding was that as sleep quantity increased, days of eating breakfast increased which was similar to a study reporting American college students (n=1,257) skipped breakfast were more likely to sleep <5.5 hours compared to those you ate breakfast [36] . These results suggest that sleep quality and quantity can both be a contributing factor to whether or not college students skip breakfast. Finally, in contrast to a study utilizing Malaysian college students (n=240) [37] , there was no relationship between BMI and days of skipping breakfast. Differences in nationality may be the reason for the contrasting findings in these two studies since [37] also used a survey to obtain information and had a similar sample size comparable to the current study.
Another inconsistency of studies regarding sleep and overweight/obesity is the utilization of BMI as the main anthropometric measurement, leaving other potentially more accurate anthropometric measurements (i.e., waist to hip ratio and skinfolds) unexplained [38] . While there are varied results in regards to the correlation between sleep quantity/quality and BMI, the majority of studies suggest that a correlation is present. However, it is not clear whether people who weigh more sleep less due to comorbidities associated with obesity or lack of sleep quality, or if lack of sleep causes weight gain due to increased hunger or late-night eating. It has also been suggested that there may be some unidentified confounding variable instead of there being a causal relationship in either direction. Another study found shorter sleep duration was associated with increased BMI and increased genetic influences on BMI in middle-aged American twins (n=1,088) [39] . These findings suggest that shorter sleep duration increases the expression of genetic risks for higher body weight later in life. While the majority of studies have established the correlation between lack of sleep and an increased BMI, there are some inconsistencies. For example, no relationship was found between sleep duration and BMI in a longitudinal study of 723 American adolescents, where total sleep duration was self-reported and BMI was objectively measured [40] . This was one of the first studies to examine how change in sleep duration over time may relate to changes in body weight whereas, previous longitudinal studies examined how baseline sleep predicted future risk of obesity. With similar methods, no relationship between BMI and sleep quantity in Nepalese (n=241; 18 to 60 year olds) participants was reported [41] . These findings are particularly interesting, because the incidence of overweight (32.9-37.3%) [42] and obesity (7.2-8%) [44] is fairly high in Nepal. The findings of [41] may be due to the small sample size or possibly because the population included more active individuals since it was conducted in a busy mid-city location. However, a cross sectional study that directly measured height and weight and used a survey to obtain sleep duration found an inverse relationship (i.e., as BMI increased sleep quantity decreased) among 18 to 21 year old Karachi students (n=192) [44] . In contrast, a study using polysomnography and reports on sleep habits through surveys and sleep dairies found a U-shaped curvilinear relationship (i.e., <7.7 and >7.7 hours of sleep were associated with increased BMI whereas 7.7 hours of sleep was associated with lower BMI) between sleep duration and BMI among 30 to 60 year old American participants (n=1,024) [45] . This further supports the relationship between sleep duration and BMI is apparent, but the exact shape is not fully confirmed.
Although not many studies regarding the relationship between poor sleep quantity/quality and overweight/obesity have been conducted on college students in America, there have been several studies that have conducted research on this topic in other countries. The majority of these studies on Americans and other countries suggest that there is a correlation between poor sleep quantity/quality and overweight/obesity. This study has several potential limitations, the first of which is the utilization of a self-reporting questionnaire. Past research has found women are more likely to under report body weight [46] . Secondly, the study recruited more males (n=68) than females (n=82). However, past research has utilized unmatched gender pools with similar and larger sample sizes to this study, with supportive and opposing results. Thirdly, psychosocial stress (i.e., perceived and life event based) as it relates to BMI was not assessed. Past research has suggested stressful life events have an impact on the risk of weight gain in younger people [47] [48] and stress (both perceived and life events) were associated with weight gain over a five year period [49] . Overall, the findings of the current study suggest that multiple variables are connected to an increase in BMI in college students. Factors such as sleep quality and/or quantity, physical activity, eating habits, and lifestyle habits are important in relation to the BMI of a college student. In this study, sleep quantity and quality were associated with different variables studied, in their own diverse ways; therefore suggesting that both sleep quality and quantity may uniquely contribute to an increase in BMI overtime. More research needs to be conducted on American college students in order to better understand the complex relationship between sleep, physical activity, eating habits, lifestyle habits, and BMI in this population.
